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Figure 2. Average percent cover of various epibiont organisms on urban and rural 
pilings and on mangrove roots. Standard error bars are shown when possible. 
Figure 1. Site map of urban and rural sampling sites in Bocas del Toro, Panamá. 
Table 1. Average physical parameters of all sampling sites.
Table 2. Bray-Curtis dissimilarity values for average percent coverage of three 
identified ascidian species in urban versus rural sampling sites, with significance 
determined by one-way PERMANOVA. Unknown being the category that 
encompasses all ascidians that could not be identified to species level. Only 
solitary ascidians were considered.
Figure 4. Sampled piling and photo taking method.
METHODS
• 10 study sites: five urban (near Bocas town) and five rural (>5km   
from town).
• At each site, nine covered, PVC pilings that were five+ years old 
were sampled.
• A 15x125cm quadrat was laid vertically on 2 sides of each piling.
• Photos were taken of the quadrat and superimposed with a 
point-count grid in ImageJ for % coverage (how much of the 
piling’s surface area was covered by the organism).
•Mangroves were sampled, when possible, using a similar 
method.
•A smaller quadrat (5x2.5cm) was wrapped around roots that were 
near the surface of the water and at the edge of the mangal. 
OBJECTIVE
To determine how organisms use pilings as habitat and 
assess the biodiversity inhabiting the structures.
INTRODUCTION
Global increases in coastal urbanization and structural 
development have led to a depletion of natural marine habitats.1
These artificial structures, such as dock pilings, disrupt local 
habitats and organismal composition while increasing the amount 
of detrimental anthropogenic disturbances, ie. pollution, noise, and 
physical disturbance from boats and construction.2,3,4  However, 
there is potential for pilings to act as stable artificial habitat for 
many species without causing irreversible effects to local 
organisms, habitats, and ecological processes. This study 
investigates how organisms are adapting to and using structures 
built in and over the water along the coastlines of Bocas del Toro, 
Panama. The organisms studied - algae, ascidians, bivalves, and 
sponges - are important components of the local marine 
ecosystems, including coral reefs and mangroves.
CONCLUSION
Pilings serve as a poor substitute to mangrove roots as 
habitat when comparing the overall percent coverage of ascidians 
and bivalves. It is important to protect mangroves and coral reefs 
from the negative effects of implementing artificial structures into 
ecosystems. Further research should examine the effect of pilings 
on ecological processes, i.e. reproduction, recruitment, etc. and 
biodiversity in surrounding natural habitat.
RESULTS
• There was a significantly higher percent cover of bivalves on 
rural pilings than on urban ones (Mann-Whitney U, p=0.034). The 
least disturbed of all sampling sites had a significantly higher 
percent cover of bivalves (Dunn’s, p=0.0019).
• There was an even distribution of ascidians between urban and 
rural pilings (Man-Whitney U, p>>0.05). The sampling site with the 
most boat traffic had a significantly higher percent cover of 
ascidians (Dunn’s, p=0.0012).
• Ascidians and bivalves were the least prominent organisms of 
the epibiont communities on pilings. 
• Depth on the piling and piling material did not affect percent 
cover or  diversity of organisms (Kruskal-Wallis, p>>0.05).
• The measured epibionts were found in significantly higher 
amounts on mangrove roots than on urban and rural pilings. 
DISCUSSION
Coastal development for tourism is heavily prevalent in 
Bocas del Toro. The increasing number of pilings that are used for 
tourism now serve as artificial habitats for many organisms, but 
the ecosystem-wide effects of removing natural habitat and 
substituting it with urban structures has yet to be determined. The 
relative percentage of ascidians and bivalves in Bocas waters is 
decreasing due to the replacement of natural habitat by pilings. 
This may have negative and irreversible effects on these 
invertebrate populations and other ecological processes, despite 
the diverse representation of ascidian species.
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Figure 3. 30cm from the surface on a seaward facing piling under Selina. 
